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DEC f 3 1994 

Abstract of the Disclosure 

Coating compositions containing a film-forming polymer and cross- 
linked polymeric micropar tides and articles coated with such compositions 
are disclosed. The crosslinked polymeric micropar tic les are prepared by 
polymerizing in aqueous medium a mixture of vinyl monomers which includes a 
hydrolyzable vinyl silane monomer. The crosslinked polymeric microparticles 
improve sag resistance and metallic pigment pattern control of the coating 
composition. A particular advantage of the microparticles of the present 
invention is that they can be prepared with high crosslink density enabling 
the formulation of high solids coatings. 
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COATING COMPOSITIONS CONTAINING POLYMERIC MICROPARTICLES 



Background of the Invention 
Field of the Invention: The present invention relates to coating 
compositions containing crossl inked polymeric microparticles, more particu- 
larly, silicon-containing crosslinked polymeric microparticles. 

Brief Description of the Prior Art: Crosslinked polymeric micro- 
particles are well known in the prior art and as the name implies are par- 
ticulate polymeric materials of colloidal dimensions, that is, about 0.001 
to 10 microns in diameter which are gelled or crosslinked. By gelled or 
crosslinked is meant that strong solvents may cause the particles to swell 
somewhat but they wilV not dissolve the particles. 

The crosslinked polymeric microparticles have been used extensively 
in coating compositions where they affect and modify the rheological proper- 
ties of the coating composition and/or the physical properties of the coat- 
ings into which they are incorporated. For example, the crosslinked polymeric 
microparticles improve the spray efficiency of the coatings into which they 
are incorporated enabling complete coverage in fewer passes of the spray 
gun. They also improve the sag resistance of the coating and the metallic 
pigment pattern control of coating compositions containing such pigments. 

Crosslinked polymeric microparticles and their use in coating 
compositions is known in the art. See, for example, U.S. 4,147,688 which 
discloses the preparation of crosslinked polymeric microparticles in 
organic solvent via non-aqueous dispersion polymerization techniques. 

The preparation of crosslinked polymeric microparticles in 
aqueous medium is also well known in the art. See, for example, British 
Patent 967,051, U.S. 4,290,932, 4,296,013, 4,209,435 and 4,322,328. 
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None of this prior art, however, discloses the preparation of 
crosslink polymeric microparticles with a hydrolyzable vinyl silane 



The use of vinyl silane monomers in the preparation of aqueous 
polymeric lacices is, however, known in the art. U.S. 3,706,697 and U.S. 
3,814,716 disclose the formation of latex polymers by polymerizing a mix- 
ture of vinyl monomers which include a vinyl silane monomer. The latex 
polymers, however, are not disclosed as being crosslink. Only after the 
latices are applied as coatings and heated is crosslinking shown. 

An article appearing in JOURNAL OF COATINGS TECHNOLOGY , Vol. 
54, No. 684, January 1982, pages 69-82, entitled "Feasibility of Using 
Alkoxysilane-Functional Monomers For The Development of Crosslinkable 
Pulsions" by Bourne et .1 discloses the preparation of aqueous latices of 
acrylic polymers which are prepared in part from alkoxysilane-functional 
monomers. The reference discusses the variables in latex polymerization 
which affect the hydrolysis of the alkoxysilane-functional monomer. The 
reference discloses latices which exhibited crosslinking as indicated by 
the formation of acetone-insoluble polymers. The reference, however, does 
not disclose use of these latices in coating compositions with other 
film-forming polymers, although the reference does indicate that various 
latices can be used as film formers themselves. The purpose of forming 
films was to evaluate the degree of crosslinking since films which were 
significantly crossl inked would not coalesce well. 

Summary of the Invention 
In accordance with the present invention, a coating composition 
comprising a film-forming polymer in combination with crosslinked poly- 
mer ic microparticles is provided. The crosslinked polymeric microparticle 
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are prepared by polymerizing in aqueous medium a mixture of vinyl monomers 
Which includes a hydrolyzable vinyl silane monomer. The invention also 
provides for coated articles comprising a substrate and the coating compo- 
sition adhered thereto. 

Detailed Description 
The hydrolyzable vinyl silane monomers employed in the practice 
of the present invention are those silanes of the general formula (R) 3 -Si-X 
wherein X represents a radical selected from the groups consisting of 
R' *' 
CH 2 - C and CH 2 « C - C - 0 - (CH 2 ) n - 
^ 0 
wherein each R individually represents a hydrolyzable radical selected from 
the group consisting of hydroxy, acetoxy and alkoxy radicals, n is an inte- 
ger of from 1 to 8 and R 1 is hydrogen or methyl. Illustrative examples 
of such alkoxy radicals are those having 1 to 10 carbon atoms such as 
methoxy, ethoxy, methoxyethoxy and the like including mixed alkoxy radicals. 
Preferably, R is selected from the group consisting of methoxy and ethoxy. 

Such silane monomers as well as their methods of preparation are 
well known in the art. Examples include vinyl tr imethoxysil ane , vinyl 
triethoxysilane, and silane monomers of the structure: 
R' 
1 

CH 2 - C - C - 0 - (CH 2 ) n - 
0 

where R' is hydrogen or methyl and n is 3, such as gamma-acryloxypropyltri- 
methoxysilane and gamma-methacryloxypropyltrimethoxysilane, which is preferred. 

Mixtures of hydrolyzable vinyl silane monomers can also be used as 
can mixtures of hydrolyzable vinyl silane monomers and hydrolyzable silanes 
and silicates which do not contain vinyl groups. These include the partial 
hydrolysates of such silanes and silicates. Examples of such materials 



1333513 

include chose of the structure (R") 3 -8i-Y wherein each R individually rep- 
resents a hydrolyzable radical selected from the group consisting of hydroxy, 
acetoxy and alkoxy radicals and Y is a group free of vinyl ^saturation such 
as alkyl, including cycloalkyl, aryl and substituted alkyl and aryl. Exam- 
ples of substituents would be chloro, alkyl, aryl and alkoxy. Also, Y could 
be an alkoxy group. Examples of suitable silanes and silicates would be 
methyltrimethoxysilane.methyltriethoxysilane, beta(3,4-epoxycyclohexyl)- 
ethyltrimethoxysilane, tetramethylsilicate and tetraethylsilicate, and the 
partial hydrolysates thereof. 

Although the hydrolyzable silanes and silicates do not participate 
in the vinyl polymerization reaction, they do participate in the subsequent 
hydrolysis-condensation reaction and depending on the identity of the 
silane and silicate', contribute beneficial properties such as increased 
crosslink density, better rheology and better economics. 

The amount of hydrolyzable vinyl silane or the mixture with the 
hydrolyzable silanes and silicates which do not contain vinyl groups should 
be sufficient to produce a crosslinked microparticle. Preferably, the 
amount of vinyl silane monomer is at least one percent, more preferably 
about 1 to 30 percent, and most preferably 3 to 20 percent by weight of the 
vinyl monomers and silanes and silicates which do not contain vinyl groups. 
Amounts less than 1 percent are not preferred because of low crosslinking 
whereas amounts greater than 30 percent are not preferred because of the 
formation of grit and coagulum in the polymerization process. 

The vinyl silane monomers described above are polymerized with other 
vinyl monomers to form the resultant polymer. Examples of other vinyl mono- 
mers are acrylic and methacrylic ester monomers having the structural formula: 
I 1 

CH 2 " C - C - 0R 2 
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wherein R t is hydrogen or methyl, R 2 is an organic radical containing from 
1 to 20 carbon atoms such as alkyl, cycloalkyl, aryl, aralkyl, alkaryl and 
the like. Useful acrylic esters of the above type include alkyl acrylates 
and alkyl methacrylates containing from 1 to 20 carbon atoms in the alkyl 
group. Examples include ethyl acrylate, methyl methacrylate , butyl acrylate, 
isobutyl methacrylate, 2-ethylhexyl methacrylate and the like. Although the 
ester substituent is preferably derived from hydrocarbon radicals, other func- 
tional substituted ester substituents may be employed, for example, hydroxy- 
alkyl preferably containing 2 to 4 carbon atoms in the alkyl group, alkoxyalkyl 
preferably containing 1 to 4 carbon atoms in the alkoxy group and 2 to 4 car- 
bon atoms in the alkyl group, and glycidyl. Examples of such monomers include 
hydroxypropyl methacrylate, hydroxyethyl acrylate and glycidyl methacrylate. 

The amount of acrylic ester is usually present in amounts of up 
to about 99 percent, preferably about 10 to 99 percent, most preferably 
30-90 percent by weight, based on total weight of vinyl monomers. 

In addition to the vinyl silanes and the esters of acrylic and 
methacrylic acid, other vinyl monomers may be used. Examples of other poly- 
merizable vinyl monomers include conjugated dienes such as butadiene and 
isoprene; vinyl esters such as vinyl acetate; vinyl halides such as vinyl 
chloride and vinyl fluoride; vinyl aromatics such as styrene and vinyl 
toluene; vinyl ethers such as methyl vinyl ether; divinyl monomers such as 
glycol diacrylates and methacrylates, for example, ethylene glycol dimeth- 
acrylate; amides of alpha, beta-ethylenically unsaturated carboxylic acids 
such as acrylamide and me thacryl amide; N-alkoxyalkyl amides of alpha, beta- 
ethylenically unsaturated carboxylic acids such as N-methoxymethyl acrylamide 
and N-butoxymethyl acrylamide; alpha, beta-ethylenically unsaturated nitriles 
such as acrylonitrile and methacrylonitrile; and acid-containing vinyl mono- 
mers such as acrylic acid, methacrylic acid and sulfoethyl methacrylate. 
Preferred vinyl monomers are styrene and sulfoethyl methacrylate. 
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These and other copoiymerizable vinyl monomers when used are 
present in amounts of about 0 to 90, and preferably about 0 to 50 percent 
by weight, based on total weight of vinyl monomers. 

The vinyl monomers as described above are polymerized by aqueous 
emulsion polymerization techniques. In conducting the emulsion polymeriza- 
tion, the mixture of monomers is usually added slowly to a mixture of sur- 
factant and water with agitation and under an inert atmosphere. In the 
presence of free radical initiator, polymerization is conducted in the 
aqueous medium with a mixture of monomers being in the dispersed phase. 

Among the surfactants which may be used are anionic, cationic and 
non-ionic surfactants including mixtures of anionic and non-ionic and mix- 
tures of cationic and non-ionic. Examples of anionic surfactants include 
alkali metal and ammonium salts of long chain alkyl sulfates, sulfonates 
and sulfosuccinates; alkali metal and ammonium phosphate esters and alkali 
metal and ammonium alkylphenoxypolyethoxysulfates, sulfonates or phosphates. 
Examples of suitable anionic surfactants include sodium lauryl sulfate, 
sodium cetyl sulfate, sodium or ammonium dioctylsulfosuccinate and poly- 
ethylene oxide acid phosphate mono and diesters. 

Examples of cationic surfactants include quaternary ammonium salts 
such as tetramethyl ammonium chloride and ethylene oxide condensates of 
cocoamines . 

Examples of non-ionic surfactants include alkylphenoxypolyethoxy- 
ethanols having alkyl groups of from about 7 to 18 carbon atoms and 6 to 
60 or more oxyethylene units such as octylphenoxypolyethoxyethanol , nonyl- 
phenoxypolyethoxyethanol and dodecylphenoxypolyethoxyethanol . Also, ethyl- 
ene oxide derivatives of long chain carboxylic acids such as lauric and 
oleic acid can be used as can ethylene oxide condensates of long chain 
alcohols such as octyl, decyl, lauryl or cetyl alcohols. 

Preferred surfactants are anionic and mixtures of anionic and non- 
3 ionic such as dialkyl sulfosuccinate salts and alkylphenoxypolyethoxyethanols . 
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The amount of surface active agent when used can vary in amount 
up to 30 percent, preferably about 0 to 20 percent, and more preferably 
about 2 to 10 percent by weight based on total weight of the monomers. 

As the polymerization catalyst, there may be used one or more 
peroxides which are known to act as free radical catalysts and preferably 
which are soluble in the aqueous medium. Preferred are the persulfates 
such as ammonium, sodium and potassium persulfate with ammonium persulfate 
being the most preferred. Perphosphates can also be used such as potassium 
perphosphate. Organic peroxides such as t-butyl-hydroperoxide and cumene 
10 hydroperoxide can also be used as can hydrogen peroxide. The amount of 

peroxide catalyst required is roughly proportional to the concentration of 
the mixture of monomers and is usually from about 0.4 to 10, preferably 0.5 
to 5 percent by weight based on total weight of the monomer mixture. 

In order to effect polymerization at a temperature below that at 
which coagulation might occur, it is sometimes desirable to activate the 
catalyst. This may best be accomplished by using a so-called redox system 
in which a reducing agent is present in addition to a peroxide catalyst. 
Many examples of such systems are known. Agents such as hydrosulfites, 
sulfoxylates, sulfites, bisulfites and metabisulfites can be used. Exam- 
20 pies of these include sodium hydrosulf ite, sodium formaldehyde-sulfoxylate, 
potassium bisulfite and sodium metabisulfite . Redox systems may be acti- 
vated by the presence of small amounts of polyvalent metal ions such as 
ferrous ions from ferrous sulfate. A few parts per million are usually 
sufficient. The amount of the redox activator varies somewhat with the 
choice of initiator, activator and choice of emulsifying agent and with the 
particular unsaturated monomers involved . Usually an amount within the 
range of 0.0001 to 3 percent by weight of activator based on weight of 
mixture of monomers is sufficient. 
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Copolymerization is usually conducted at temperatures below about 
90-C, preferably within the range of 25 to SO'C, although slightly lower 
and somewhat higher temperatures may be used. During polymerization, the 
temperature can be controlled in part through the rate at which the mono- 
mers are supplied and polymerized and through applied heating and cooling. 

The polymerization process can be carried out batchwise or con- 
tinuously. It is possible to work entirely batchwise emulsifying the 
entire charge of monomers and proceeding with polymerization. It is 
usually advantageous, however, to start with part of the monomers which are 
to be used and add more monomers as polymerization proceeds. An advantage 
of gradual addition of monomers lies in reaching a high solids content with 
optimum control and with maximum uniformity of product. Additional cata- 
lyst or additional components of the redox system may also be added as 
polymerization proceeds. 

It is preferred that at the beginning of the reaction, the P H of 
the reaction mixture be at least 4, usually within the range of 5 to 8. 
As the reaction proceeds, the P H of the reaction mixture can be gradually 
lowered. This can be done, for example, by using a persulfate initiator 
such as ammonium persulfate which decomposes during the course of the 
reaction to generate acid thereby lowering the pH and accelerating the 
hydrolysis-condensation reaction of the silane moiety. It has been found 
that at the completion of a successful reaction, the pH of the reaction 
mixture is typically within the range of about 2 to 4. Other means which 
can be used to control the pH of the reaction medium include the use of 
buffers such as sodium bicarbonate or mono- or di-potassium phosphate or 
the addition of acid such as para-toluenesulfonic acid towards the end of 
the reaction to accelerate the hydrolysis-condensation reaction. Also, a 
catalyst such as tin catalyst, for example, dibutyltin dilaurate, can also 
be added to promote hydrolysis and crossl inking . 
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The aqueous emulsions prepared in accordance with Che invention 
contain discrete polymeric particles. Usually the emulsions will have a 
resin solids content of from about 10 to 60 percent by weight, the percent- 
age by weight being based on total weight of the emulsion. Usually, the 
particles will be of a size of 10 microns or less, preferably 0.005 to 10 
microns, and more preferably from about 0.1 to 1 microns, the particle size 
being determined by light scattering techniques. The particles will be 
gelled or crossiinked as evidenced by their insolubility in acetone. When 
the niicrogel prepared in accordance with the invention is dried, placed in 
a Soxhlet extractor and extracted 12 hours with boiling acetone, at least 
AO, preferably at least 60, and more preferably at least 80 percent by 
weight of the polymer is not extracted. One of the advantages of forming 
microparticles from the silane group-containing polymers is the fact that 
they can be prepared in a highly crossiinked state, i.e., 80 to 100 percent 
by weight not extracted by boiling acetone. This is of particular advantage 
when the materials are inverted in organic solvent for use in solvent-based 
coating compositions as described in more detail below. The more highly 
crossiinked particles are less swellable in the organic solvent and as a 
result, much higher solids contents can be obtained for the organic disper- 
sion of the crossiinked microparticles. This enables the formulation of 
coating compositions with less volatile organic content (VOC) contributed 
from the crossiinked microparticle component of the coating composition. 

The crossiinked microparticles prepared as described above can 
be incorporated into water-based coating compositions by simply mixing 
the emulsion with the coating composition. Alternately, the microgel can 
be spray dried or filtered or coagulated and filtered from the aqueous 
emulsion and dried and mixed into water-based coating compositions or in 
organic solvent-based coating compositions. Preferably, for formulation 
into organic solvent-based coating compositions, the aqueous emulsion of 
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alkoxy group may be, for example, a butoxy group, glycidyl acrylate and 
glycidyl methacrylate. The coating composition may in such a case contain 
also a crosslink agent such as a diisocyanate, a diepoxide, or, espe- 
cially, a nitrogen resin, that is to say, a condensate of formaldehyde with 
a nitrogeneous compound such as urea, thiourea, melamine or benzoguanamine, 
or a lower alkyl ether of such a condensate in which the alkyl group con- 
tains from 1 to 4 carbon atoms. Particularly suitable crosslinking agents 
are melamine-formaldehyde condensates in which a substantial proportion of 
the methylol groups have been etherified by reaction with butanol. 

For the purposes of the foregoing general definition of the 
invention, the crosslinking agent, where present, is considered as being 
a part of the film-forming polymer. 

The film-forming polymer may be prepared by solution polymeriza- 
tion of the monomer(s), in the presence of suitable catalysts or initiators 
such as organic peroxides or azo compounds, e.g.. benzoyl peroxide or 
azodiisobutyronitrile. Conveniently, the polymerization may be carried 
out in the same organic liquid that is to form the diluent constituent of 
the coating composition, or in a liquid which is to form a part of that 
diluent. Also, for aqueous-based compositions, the film-forming polymer 
m ay be prepared by aqueous emulsion polymerization techniques well known in 
the art. 

Besides acrylic addition polymers, other film-forming polymers 
may be used such as an alkyd resin or a polyester. Such polymers may be 
prepared in known manner by condensation of polyhydric alcohols and poly- 
carboxylic acids, with or without the inclusion of natural drying oil fatty 
acids. Suitable polyhydric alcohols include ethylene glycol; propylene 
glycol, butylene glycol, 1,6-hexylene glycol, neopentyl glycol, diethylene 
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glycol, triethylene glycol, tetraethylene glycol, glycerol, trimethylol- 
propane, trimethylolethane, pentaerythritol , dipentaerythritol , tripen- 
Caerythritol, hexanetriol, oligomers of styrene and allyl alcohol (for 
example, that sold by Monsanto Chemical Company under the designation RJ 
100) and the condensation products of trimethylolpropane with ethylene 
oxide or propylene oxide (such as the products known commercially as ,l Niax" 
triols). Suitable polycarboxylic acids include succinic acid (or its 
anhydride), adipic acid, azelaic acid, sebacic acid, maleic acid (or its 
anhydride), fumaric acid, muconic acid, itaconic acid (or its anhydride), 

10 phthalic acid (or its anhydride), isophthalic acid, terephthalic acid, 
trimellitic acid (or its anhydride) and pyromellitic acid (or its anhy- 
dride). Where it is desired to produce air-drying alkyd resins, suitable 
drying oil fatty acids which may be used include those derived from linseed 
oil, soya bean oil, tall oil, dehydrated castor oil, fish oils or tung oil. 
Normally, it is preferred that the oil length of such an alkyd resin should 
not exceed 50 percent. All these polyester and alkyd resins contain a pro- 
portion of free hydroxyl and/or carboxyl groups which are available for 
reaction, if desired, with suitable crosslinking agents as discussed above. 

Besides polyesters, the film-forming polymer can be a polyurethane 

20 resin. Examples of these polymers are described in U.S. 3,954,899 to Chang 
et al and U.S. 4,147,679 to Scriven et al . 

Yet another type of polymer which may be employed as the film- 
forming polymer are the nitrogen resins, which have already been described 
in the role of crosslinking agents for acrylic polymers of the thermosetting 
type. These same resins can be employed as film-forming materials in their 
own right and, for this purpose, the preferred resins are again melamine- 
formaldehyde condensates in which a substantial proportion of the methylol 
groups are etherified by reaction with an alcohol such as butanol. 
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Besides solution polymers as described generally above, the 
film-forming polymer may also be dispersed in the diluent. Coating compo- 
sitions containing such polymers are commonly referred to as non-aqueous 
dispersions. These are described in U.S. 3,050,412; 3,198,759; 3,232,903 
and 3,255,135. Film-forming polymers prepared from non-aqueous dispersions 
can be thermoplastic or thermosetting and are typically prepared from poly- 
merizing the ethylenically unsaturated monomers described above for the 
solution polymers. The monomers should be chosen such that the polymer 
derived from the monomer is insoluble in the diluent. 

The crossl inked silicon-containing micropar tides of the inven- 
tion are usually present in the coating composition in amounts of at least 
0.5, preferably about 1 to 50, and more preferably about 1 to 25 percent 
by weight of the film-forming polymer. Amounts less than 0.5 percent by 
weight do not have a particularly beneficial effect on the rheological 
properties of the coating composition. 

The liquid diluent of the coating composition may be any of the 
liquids, or mixtures of liquids, which are conventionally used as polymer 
solvents in coating compositions, for example, aliphatic hydrocarbons such 
as hexane and heptane, aromatic hydrocarbons such as toluene and xylene, 
and petroleum fractions of various boiling point ranges which are predomi- 
nantly aliphatic but have a significant aromatic content, esters such as 
butyl acetate, ethylene glycol diacetate and 2-ethoxyethyl acetate, ketones 
such as acetone, methyl isobutyl ketone and methyl amyl ketone and alcohols 
such as butyl alcohol. Also, water can be the diluent, or compatible mix- 
tures of water and organic liquids can be used as diluents. The actual 
liquid or mixture of liquids selected as the diluent will depend upon the 
nature of the film-forming polymer, according to principles which are well 
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known in the coatings art, in order that the polymer shall he soluble or 
dispersible in the diluent. 

When the diluent is used, it is typically used in an amount of 
ab out 30 to 80 percent by weight of total solids plus diluent. 

The crosslink silicon-containing microparticles of the present 
invention are particularly useful in high solids coating compositions, that 
is , those containing a solids content of at least 40 percent by weight, the 
solids being determined at 150'C. The microparticles of the present inven- 
tion provide particularly good sag control to such high solids compositions. 

The pigment included in the coating composition may be any of the 
pigments conventionally used in surface coating compositions, including 
inorganic pigments such as titanium dioxide, iron oxide, chromic oxide, 
le ad chromate and carbon black, and organic pigments such as phthalocyanine 
blue and phthalocyanine green, carbazole violet, anthrapyr imidine yellow, 
flavanthrone yellow, isoindoline yellow, indanthrone blue, cuinacridone 
violet and perylene reds. For the present purposes, the term "pigment" 
is here meant to embrace also conventional fillers and extenders, such as 
talc or kaolin. 

The process of the invention is, however, of particular value in 
the case of coating compositions containing metallic flake pigmentation 
which are intended for the production of "glamour metallic" finishes 
chiefly upon the surfaces of automobile bodies as previously discussed. 
The presence of silicon-containing microparticles in coating compositions 
containing metallic pigmentation gives a valuable degree of improvement in 
pr0 per orientation of the pigment resulting in a lustrous shiny appearance 
with excellent flop, distinctness of image and high gloss. By flop is 
meant the visual change in brightness or lightness of a metallic coating 
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with a change in viewing angle, that is, a change from 180 to 90 degrees. 
The greater the change, the better the flop. Flop is important because it 
accentuates the lines of a curved surface such as an automobile body. 

Suitable metallic pigments include in particular aluminum flake 
and copper bronze flake. In general, pigments of any kind may be incor- 
porated in the coating composition in an amount of from 1 to 50 percent 
based on weight of coating solids. Where metallic pigmentation is employed, 
this is preferably in an amount of from 1 to 25 percent by weight of the 
aforesaid aggregate weight. 

Such pigments, whether metallic or otherwise, may be incorporated 
into the coating compositions with the aid of known dispersants. Thus, in 
the case where the main film-forming polymer is of the acrylic type, an 
acrylic polymer of similar composition may be employed as pigment dispersant. 
Any such polymeric dispersant is also considered to be part of the film- 
forming constituent. 

If desired, the coating composition may additionally incorporate 
other known additives, for example, U.V. light stabilizers, catalyst and 
viscosity modifiers as is well known in the art. 

The coating compositions of the present invention can be applied 
to various substrates to which they adhere to form coated articles. The 
compositions herein can be applied by any conventional method, including 
brushing, dipping, flow coating, electrodeposition, electrostatic spraying, 
and the like, but they are most often applied by air spraying. The usual 
spray techniques and equipment are utilized. The coatings of the present 
invention can be applied over virtually any substrate, including wood, 
metals, glass, cloth, plastics, foam and the like, as well as over various 
primers. 
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Besides one-coat applications, the coating composition of the 
present invention can be used in clear-over-color applications. In these 
applications, a pigmented or colored basecoat is adhered to the substrate 
or to a primed substrate to form a basecoat and a clear coating is adhered 
to the basecoat. The base and clear coats may be derived from organic 
solvent or aqueous-based coating compositions. The coating compositions of 
the present invention may be in the basecoat, the clear coat or both the 
basecoat and clear coat. 

The invention is illustrated by but not limited to the following 

examples in which parts and percentages are by weight unless otherwise 

indicated . 

EXAMPLES 

The following examples show the preparation of discrete polymeric 
microgel particles. A mixture of vinyl monomers including hydrolyzable 
vinyl silane monomer is polymerized by aqueous emulsion polymerization tech- 
niques. After completion of the polymerization, the emulsion is inverted 
with organic solvent and the resulting dispersion dehydrated by azeotropic 
distillation. The resulting microgel dispersions were then evaluated with 
organic solvent-based coating compositions for metallic pigment pattern con- 
trol and sag resistance. A control without added microgel was also evaluated. 

Example I 



hydroxypropyl methacrylate and ganuna-methacryloxypropyltr imethoxysilane 
was polymerized under aqueous emulsion polymerization techniques. The 
following kettle charge and feeds were used in the polymerization: 



Ingredients 
Deionized water 
AEROSOL OT 1 
TRITOnV-101 2 
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Kettle Charge 

Parts by Weight (grams) 



2305.0 
11.0 
15.5 



^Dioctylsulfosuccinate sodium salt (75 percent active) available from 
American Cyanamid Company. 

2 Nonylphenol-ethylene oxide condensate available from Rohm and Haas 
Company . 



Ingredients 
Ammonium persulfate 
Deionized water 



Feed B 



Ingredients 

Methyl methacrylate 

Gamma -me thacryloxypropyltrimethoxysi lane 
Hydroxypropyl methacrylate 

Feed C 

Deionized water 
Sodium metabisulfite 



Parts by Weight (grams) 
1.5 
25.2 



Parts by Weight (grams) 
511.7 
160.7 
143.3 



Parts by Weight (grams) 
10.0 



Ingredients 
Deionized water 



Parts by Weight (grams) 
10.0 



Trac/a, Mark 
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the kettle charge was heated from room temperature to 95'C. under 
a nitrogen blanket and with agitation in a reaction vessel suitable for 
aqueous emulsion polymerization. The kettle charge was cooled to 75*C. and 
the pH measured and found to be 5.04. Feed B was added to the reaction 
vessel over a period of 15 minutes while holding the temperature at 75"C. 
At the completion of Feed B, Feed A was added, followed by the addition of 
Feeds C and D. The reaction mixture began tp exotherra and the reaction was 
held for one hour at a temperature between 82-89'C. which was the peak exo- 
therm temperature. The reaction mixture was then cooled to 65*C. and the 
pH of the reaction mixture was found to be 3.1. The reaction mixture was 
held for 6 hours at 65'C, cooled and filtered to remove grit. The reac- 
tion mixture had a aolids content of 26.3 percent and a final pH of 2.7. 

The emulsion was examined and found to contain discrete cross- 
linked polymeric microparticles. The particles were crossl inked to the 
extent of about 98 percent as determined by extraction with boiling acetone 
for 12 hours. 

The aqueous emulsion prepared as described above was inverted into 
organic solvent and water removed by azeotropic distillation as follows: 
I nitial Charge 

Ingredients Parts by Weight (gramsj 

DOWANOL^DPM 1 413 - 7 
iMonomethylether of dipropylene glycol available from Dow Chemical 
Company. 

Feed A 

Ingredients Parts by Weight (grams) 

Aqueous emulsion prepared as 

described above 1000 - 6 
Feed B 

Ingredients Parts by Weight (grams) 



Isopropanol 
Triethylorthoformate 



50.5 
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The initial charge was added to a distillation pot equipped with 
a mechanical agitator, thermometer, a Dean-Stark trap and reflux condenser. 
The initial charge was heated to a temperature of about 60*C. under a 
vacuum of 80 millimeters of mercury. Feed A (50 ml.) was added, distilla- 
tion was then begun and the distillate was removed through the Dean-Stark 
trap. The distillate consisted of one layer which was composed of about 95 
percent water and 5 percent DOWANOL DPM. Feed A was added incrementally to 
the pot over the period of about 5 hours while maintaining the temperature 
of the charge between 65 and 69*C. at a pressure of 80 millimeters of mer- 
cury. At the completion of the distillation, 760 ml. of distillate had 
been removed. The heat and vacuum were then shut off, Feed B added and the 
product cooled to room temperature. The resultant dispersion had a resin 
solids content of 41.7 percent and a water content of about 1.5 percent. 

A metallic pigment-containing coating composition was prepared 
with the microgel dispersion described immediately above as follows: 

A pigment paste was prepared from the following ingredients: 
Ingredients Parts by Weight 

Aluminum flake 1 76.9 
Aluminum flake 2 76.9 
Acrylic polymer 3 133.3 
Methyl amyl ketone 112.9 
hoarse, size 11 available from Siberline Company. 
2 Medium, size 3 available from Alcoa Company. 
Available from Rohm and Haas as AT -400 CA. 

The ingredients were blended together and agitated on a shaker to 
form the pigment paste. 

A coating composition using the pigment paste described above was 
prepared by mixing together the following ingredients: 



- 19 



1333513 



Ingredients Parts by Weight 

Pigment paste 12 -4 

AT-400 CA* 81 • 2 

CYME*303l 30.0 

p-toluenesulfonic acid 2 6.0 

Microgel dispersion 16 -3 

Methyl amyl ketone 26.4 

iAminoplast curing agent available from American Cyanamid Company. 

2 5 percent by weight solution in isopropanol. 

The coating composition was thinned with additional methyl amyl 
ketone to a No. 4 Ford cup viscosity of 22 seconds. 

The coating composition was sprayed onto primed steel panels at 
a dry film thickness of about 2 mils and the coating cured at 250"F. 
(121*0 for 30 minutes while the coated panel was at an angle of 30'. The 
cured coating was evaluated for gloss, sag resistance and metallic pigment 
pattern control. The results are reported in Table I below. 

Example II 

In this example, a monomer mixture of styrene, methyl methacrylate , 
butyl acrylate and gamma-methacryloxypropyltrimethoxysilane was polymerized 
in the presence of para-toluenesulfonic acid to facilitate crosslinking. 
The following kettle charge and feeds were used in the polymerization: 
Kettle Charge 

Ingredients Parts by Weight (grams) 

Deionized water 1107.9 
TRAM** 15-9 



TRITON N-101 

Para-toluenesulfonic acid 



47.7 
0.9 



^Ditridecylsulfosuccinate ammonium salt (60 percent i 
from American Cyanamid Company. 

xTrciof/L Mark 
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Ingredients Parts by Weight (grams), 

i persulfate 2,5 



Deionized water 



251.1 



Ingredients Parts by Weight (grams) 
Styrene 262 - 9 
Methyl methacrylate 102 - 1 
Garama-methacryloxypropyltriinethoxysilane 76. 2 

Butyl acrylate 



117.8 



The kettle charge was heated from room temperature to 89'C. under 
a nitrogen blanket and with agitation in a reaction vessel suitable for 
aqueous emulsion polymerization. About 30 ml. of Feed B was added to the 
kettle charge, and the reaction temperature was held at 89*0. for 5 minutes, 
followed by the addition of about 25 ml. of Feed A. The reaction tempera- 
ture was held at about 88'C. for about 30 minutes, followed by the slow and 
simultaneous addition of Feeds A and B. Feed A was added over a 4-1/2 hour 
period and Feed B was added over a 4-hour period. During the additions of 
Feeds A and B, the reaction temperature was maintained between 86-88'C. At 
the completion of Feed A, the reaction mixture was cooled to 40*C. and 
filtered. The reaction mixture had a solids content of about 29 percent 
and a final pH of 2.2. 

The emulsion was examined and found to. contain discrete cross- 
linked polymeric microparticles. The particles were crosslinked to the 
extent of about 91 percent as determined by extraction with boiling acetone 
for 12 hours. 

The aqueous emulsion prepared as described above was inverted into 
organic solvent and water removed by azeotropic distillation as follows: 
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Initial Charge 

ingredients Parts by Weight (grams). 

Butanol 276 ' 3 
isoparV 310 • 8 

Methyl amyl ketone l33 - 8 
Aqueous emulsion prepared as described above 446.1 
Aliphatic naphtha solvent (B.P. 116-139'C.) available from Exxon 
Company . 

The initial charge was added to a distillation pot equipped 
with a mechanical agitator, thermometer, a Dean-Stark trap and a reflux 
condenser. The initial charge was heated to a temperature of about 
43'C. under a vacuum of 110 mm. of mercury, at which point reflux 
commenced . 

The distillate collected in the Dean-Stark trap consisted of 
two phases. The bottom phase was continuously removed while the top phase 
was returned to the flask. When all of the water had been removed, the 
distillation temperature rose to 50*C. and only one phase was visible in 
the Dean-Stark trap. At this point, organic solvent was removed. As 
solvent was removed, the temperature of distillation continued to rise. 
The pressure was continuously decreased so as to maintain a distillation 
temperature below 60*C. When the solids content of the product reached 
about 38 percent by weight, the heat and vacuum were turned off and the 
product was filtered. The water content of the product was found to be 
<1 percent. 

A metallic pigment-containing coating composition was prepared 
with the microgel dispersion described immediately above as follows: 

.* Tr<xc/& Mark 
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Par ts by Weight 

Ingredieat s — ' — 

12.4 

81.2 



Pigment paste of Example I 12 ■ 4 



AT 400 CA 

CWEL 303 30-0 
p-toluenesulfonic acid (as in Example I) 6-0 
Microgel dispersion of Example II l6 -° 
Methyl atnyl ketone 

The coating composition was thinned with additional methyl amyl 
ketone to a No. 4 Ford cup viscosity of 22 seconds. 

The coating composition was sprayed onto primed steel panels at 
a dry film thickness of about 2 mils and the coating cured and evaluated a 
described in Example I. The results are reported in Table I below. 

Example III 

In this example, a monomer mixture of styrene, butyl acrylate an 
gamma-methacryloxypropyltrimethoxysilane was polymerized in the presence 
of dibutyltin dilaurate to facilitate crossl inking . The following kettle 
charge and feeds were used in the polymerization: 
Kettle Charge 

Ingredients Parts by Weight (grams) 



Deionized water 
TRAM 

TRITON N-101 
K 2 S 2 0 8 



1652.1 
25.3 
56.0 
1.6 



ingredients Parts by Weight (grams) 

53.9 



Deionized water 
Na 2 S 2 05 



0.7 
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Feed B 

ingredients P.rts by Weight (grams) . 

552.3 

Styrene 

121.7 



Garama-oethacryloxypropyltrimethoxysilane 
Feed C 

Dibutyltin dilaurate 2-2 

3.7 
2.2 



442 4 
Butyl acrylate 



Parts by Wei ght (grams) 
Ingredients I *■ 2 s 



Deionized water 103,7 



TRAM 
TRITON N-101 



The kettle charge was heated from room temperature to 57'C. under 
a nitrogen blanket and with agitation in a reaction vessel suitable for 
aqueous emulsio* polymerization. Feed B was added over a 15-^inute period 
while maintaining the temperature of the reaction fixture between 51-57'C. 
After the completion of the addition of Feed B, the temperature of the 
reaction mixture was maintained at 51 "C for 5 minutes with vigorous agita- 
tion. Feed A was added and after about 2 hours, the reaction mixture 
exothermed to 95'C. and it began to foam. The reaction mixture was then 
cooled to 85'C. and held for 2 hours. Feed C was then added and the reac- 
tion fixture held for 4 hours at a temperature of 84-93*C. The reaction 
mixture was then cooled to room temperature and filtered. Tne reaction 
mixture had a solids content of 26.3 percent and a P H of 3.7. 

The emulsion was examined and found to contain discrete cross- 
linked polymeric micropar tides. The particles were crosslinked to the 
extent of about 94 percent as determined by extraction with boiling acetone 
for 12 hours. 
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The a^eous pulsion prepared as described above was inverted into 
organic solvent and water removed by aseotropic distillation as follows: 

The aqueous pulsion (601.4 grams) was charged to a distillation 
pot with 601.9 grams of 2-hexoxyethanol . The distillation pot was equipped 
wiC h mechanical agitation, ther»oo.eter, a Dean-Star, trap and a reflux con- 
denser. The charge was heated to a temperature of about J7«C. under a 
vacuum of 120 mm. of mercury with agitation. Distillation began and the 
distillate was removed through the Dean-Star, trap. Distillation was 
continued for about 2 hours while maintaining the temperature between 57- 
tt-C. After the water was removed, the temperature began to rise so the 
vacuum was reduced to 40 of mercury and distillation continued until 
a temperature of 97'C. at 40 mm. of mercury was reached. The resultant 
dispersion had a resin solids content of 29.6 percent. 

A metallic pigment-containing coating composition was prepared 
with the microgel dispersion described immediately above as follows. 

Parts by Weight 
Ingredients 

Pigment paste of Example I 

AT 400 CA 

CYMEL 303 

p-toluenesulfonic acid (as in Example I) 
Microgel of Example III 
Methyl amyl ketone 

The coating composition was thinned with additional methyl amy! 
ketone to a No. 4 Ford cup viscosity of 22 seconds. 

The coating composition was sprayed onto steel panels at a film 
th ic,ness of about 2 mils and the coating cured and evaluated as described 
in Example I. The results are reported in Table I below. 



12.4 
81.2 
30.0 
6.0 
21.4 
21.3 



- 25 - 



1333513 



Example IV 

In this example, a monomer mixture of 2-ethylhexylacrylate , sty- 

rene, butyl methacrylate and gamma-methacryloxypropyltr imethoxysilane was 

polymerized under aqueous emulsion polymerization techniques. Also present 

in the monomer charge was methyltrimethoxysilane. The following kettle 

charge and feeds were used in the polymerization: 
Kettle Charge 



Ingredients 
De ionized water 
AEROSOL OT 
TRITON N-101 



Parts by Weight (grams) 
2302.2 
11. 1 
15.1 



Ingredients 
Ammonium per sulfate 
De ionized water 



Feed B 



Ingredients 

2-Ethylhexylacrylate 

Styrene 

Butyl methacrylate 

Gamma-methacryloxypropyltrimethoxysilane 
Methyl trimethoxysilane 



Feed C 



Ingredients 
Deionized water 
Sodium metabisulfite 



Parts by Weight C grams) 



Farts by Weight (grams) 
154.7 
125.7 
225.3 

76.8 

51.9 

Parts by Weight (grams) 
10.2 
1.0 



In gredients 
Deionized water 
Ferrous sulfate 



Parts by ^Weight (grams) 
10.1 
0.1 
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The Kettle charge was heated fro™ room temperature to 85'C. under 
a nitrogen blanket and with agitation in a reaction vessel suitable for 
aqu eous emulsion polymerization. The kettle charge was cooled to 75«C. and 
Peed B was added over a period of 10 minutes while holding the temperature 
at about 73'C. At the completion of Feed B, Feed A was added, followed by 
the addition of Feeds C and 0. The reaction mixture began to exotherm 
with the peak exotherm reaching 83'C. The reaction mixture was cooled to 
65-C. and held for 6 hours at this temperature, cooled and filtered. The 
reaction mixture had a solids content of 20.3 (theory 21.9). 

The emulsion was examined and found to contain discrete cross- 
linked polymeric particles. 

The aqueous emulsion prepared as described above was inverted 
into organic solvent (DOWANOL DM) and water removed by azeotropic distilla- 
tion as described in connection with Example I. Tne resultant de-vatered 
Aspersion had a resin solids content of 27.8 percent and a water content 
of about 2.66 percent. 

A metallic pigment-containing coating composition was prepared 
with the microgel dispersion described immediately above as follows: 

Parts by Weight 

Ingredients -* 

Pigment paste of Example I 12.4 

81.2 

AT 400 CA 

30.0 

CYMEL 303 

p-toluenesulfonic acid (as in Example I) 6.0 

21.6 

Microgel of Example IV 

21.1 

Methyl amyl ketone 

The coating composition was thinned with additional methyl amyl 
ketone to a No . 4 Ford cup viscosity of 22 seconds. 
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The coating composition was sprayed onto primed steel panels 
at . dry film thickness of about 2 mils and the coating cared and evaluated 
aa described in Example I. The results are reported in Table I below. 

Comparative Example V 

For the purpose of comparison, a coating composition similar to 

th ose of Examples I to IV was prepared but with no microgel dispersion. 

The coating composition was prepared from the following ingredients: 

P arts by Weight 
Ingredients 

Pigment paste of Example I 

89.2 

AT 400 CA 

30.0 

CYMEL 303 

p-toluenesulfonic acid (as in Example I) &-° 

34.7 

Methyl amyl ketone 

• fi „ „ uas thinned with additional methyl amyl 
The coating composition was cninnea 

ketone to a No . 4 Ford cup viscosity of 22 seconds. 

The coating composition was sprayed onto primed steel panels 

at a film thickness of about 2 mils and the coating cured and evaluated as 

described in Example I. The results are reported in Table I below. 

Table I 

r.natine Properties 
rnatin. of Example 20^Gloss Sag. 
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With regard to metallic pigment pattern control, the cured coat- 
ings were evaluated by their degree of flop, that is, the visual change in 
lightness of the coating with a change in viewing angle from 180 to 90 degrees. 
The results from best to worst were as follows: II > IV > I > III » V. 



- 29 - 



1333513 



THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR 
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A coating composition comprising a film-forming polymer in 
combination with crosslinked polymeric microparticles, characterized in 
that the crosslinked polymeric microparticles are present in the coating 
composition in amounts of at least 0.5 percent by weight of film-forming 
polymer and are prepared by polymerizing in aqueous medium via emulsion 
polymerization techniques a mixture of vinyl monomers which includes a 
hydrolyzable vinyl silane monomer of the structure (R) 3 -Si-X where X is a 
group of the structure: 



where R is a hydrolyzable radical selected from the group consisting of 
hydroxy, acetoxy and alkoxy radicals, n is an integer of from 1 to 8 and 
R' is hydrogen or methyl. 

2. The coating composition of Claim 1 in which the polymeric 
.icroparticles are prepared in the presence of a hydrolyzable silane or 
silicate which contain a hydrolyzable radical selected from the group 
consisting of hydroxy, acetoxy and alkoxy and which do not contain vinyl 
groups. 
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3. The composition of Claim 1 in which the alkoxy radicals are selected 
from the class consisting of methoxy, ethoxy, methoxyethoxy and acetoxy 
including mixtures thereof. 

4. The composition of Claim 1 where the hydrolyzable vinyl silane 
monomer is gamma-methacryloxypropyltrimethoxysilane. 

5. The composition of Claim 1 in which the polymerization is initiated 
at a P H of from about 5 to 8 and as the polymerization is continued, the 
pH drops to about 2 to 4 at the completion of the polymerization. 

6. The composition of Claim 1 in which the polymerization is conducted 
in the presence of persulfate free radical initiator. 

7. The composition of Claim 1 which is organic solvent based. 

8. The composition of Claim 7 in which the aqueous medium of 
crosslinked polymeric microparticles is inverted into organic diluent and 
the resultant dispersion is at least partially dehydrated. 

9. The composition of Claim 1 in which the mixture of vinyl monomers 
includes a monomer selected from the class consisting of alkyl acrylates 
and alkyl methacrylates containing from 1 to 20 carbon atoms in the alkyl 
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group, hydroxyalkyl acrylates and methacrylates containing from 2 to 4 
carbon atoms in the alkyl group, vinyl aromatic compounds and acid 
group-containing vinyl monomers, including mixtures thereof. 

10. The composition of Claim 9 in which the monomer is selected from the 
class consisting of methyl methacrylate, n-butyl acrylate, isobutyl 
methacrylate, 2-ethylhexyl acrylate, hydroxypropyl methacrylate, 
sulfoethyl methacrylate and styrene, including mixtures thereof. 

11. The coating composition of Claim 1 which is aqueous-based. 



D 



